Two sheep-grazing studies were initiated on the Malaysian Rubber Research Institute's Research Station at Sungei Buloh, designed to investigate the influence of grazing at various stocking rates under maturing rubber on forage composition and production and animal productivity. One trial was under immature rubber (three years old) and the other under mature rubber (seven years old).
IN recent years, there has been a dramatic shift in the Malaysian sheep industry from backyard subsistence farming to larger-scale integrated sheep farming under plantation crops. This development is a logical direction for commercial sheep production in Malaysia. The catalyst for further development of the sheep industry will be the active participation of government agencies such as Federal Land Development Authority (FELDA), Rubber Industry Smallholder Development Authority (RISDA), and Federal Land Consolidation and Rehabilitation Authority (FELCRA). In these land development schemes, flocks of 300-500 ewes are now quite common, with some having close to one thousand or more ewes. These large flocks are intensively managed, and often supplemented with palm kernel cake (PKC), but poor understanding of pasture management has sometimes led to overgrazing resulting in poor animal performance.
There is also a lack of understanding of the complexity of plant and animal interactions in longterm sheep raising under maturing rubber. The grazing sward under rubber consists mainly of naturalised grasses. broadleafed weeds and sown leguminous covers which exhibit a variable growth pattern with low forage availability during the dry season but particularly as the canopy closes under maturing rubber. This has caused problems in terms of setting correct stocking rates, maintaining forage productivity and achieving the desired level of weed control. An experiment was therefore designed with the following objectives: 1) to study the influence of sheep grazing on forage composition and production and weed control under maturing rubber, and 2) to study the stocking rate and liveweight gain potential of sheep under a maturing rubber plantation.
Materials and Methods
Two grazing trials were conducted concurrently between October 1988 and May 1990 at the RRIM Experimental Station, Sg. Buloh, in Central Malaysia. The first experiment was conducted under 7-year-old mature rubber, the second under 3-year-old immature rubber. The two sites were chosen to provide information on the upper and lower limits of forage production and animal productivity under rubber. The mean annual rainfall at Sg. Buloh ( 1977-89 ) is 2190 mm. and this rainfall is well distributed with a minimum of 110 mm/month during the drier months of June and July.
The main treatment was stocking rate (SR) under a continuous grazing system. For the immature rubber trial, the SR treatments were 4, 6, 8, 10, 12 and 14 sheep/ha, while for the mature rubber, lower SR treatments of 2, 4, 6 and 8 sheep/ha were imposed.
Each treatment paddock was stocked with three weaned male crossbred lambs aged 34 months. Stocking rate was obtained by varying the paddock size. The lambs selected consisted of F1 and F2 50% Dorset x Malin crossbreds which attained a weaning weight of 12-14 kg.
The grazing period for each draft of lambs was about six months and evaluations were based on two drafts for the immature rubber trial and three drafts for the mature rubber trial. In the case of the mature rubber, continuous grazing was possible only for the SR-2 treatment, while for the SR-4, SR-6 and SR-8 treatments, intermittent grazing was adopted as the forage 'crashed' after 2-3 months of grazing.
The sheep were allowed six hours of grazing from 8.00 a.m. until 2.00 p.m., after which they returned to the shed until the following morning. In the shed, supplementary feeding of palm kernel cake (PKC) at 100 g/head was provided daily.
Fresh water and mineral licks were also provided ad lib. Sheep were drenched at monthly intervals in order to ensure that they were free from endoparasites. Animal weighing was carried out weekly in the mornings before animals were taken out to graze.
The rubber trees in the experimental paddocks were fertilised using standard management practices. However, weed control measures (herbicide spraying and hand-weeding) were limited to along the tree rows or the tappers' paths whenever the vegetation was found to hinder tapping operations. As a general practice, herbicide spraying around the young rubber trees (circular spraying) was also carried out before fertilizer application.
The CSIRO Botanal Technique (Jones and Tothill 1985) for estimating green dry matter yield and botanical composition was adopted. The technique involved visual estimation of total green yield in each quadrat using a score between 1 and 10 which was subsequently calibrated against a standard. The standard was set by taking forage samples from 15 quadrats with scores ranging from 1 to 10; these samples were cut, dried and weighed to determine the dry matter yields. To facilitate a realistic and systematic scoring of undergrowth, a series of quadrats forming a band extending from the tree row through the interrow and up to the next tree row were sampled.
Results and Discussion

Forage sustainability under rubber
The results of the concurrent grazing trials carried out under both immature and mature rubber (based on 12 and 18 months of study, respectively) clearly demonstrated the upper and the lower limits of forage productivity and sustainability under rubber.
Forage availability declined markedly in all treatments with the highest reduction in SR-14 ( Fig.  1) . Despite this reduced yield, continuous grazing was possible in all the treatments for the entire 12-month evaluation period. An exception was the first draft of animals stocked in the SR-12 treatment which were withdrawn for four months as they refused to graze the Calopogonium cueruleum dominated sward. However, the second draft of sheep grazed C. cueruleum without problem.
In the mature rubber, only the low stocking rate of 2 sheep/ha was sustainable. The limiting factor was the low forage availability at the higher stocking rates (Fig. 2) . Grazing in the SR-4, SR-6 and SR-8 treatments was intermittent since these treatments 'crashed' after 2-3 months of grazing. The postgrazing values shown in Fig. 2 represent the standing biomass after the early removal of the third draft of sheep. The number of grazing days achieved and the actual final stocking rates per treatment are shown in Table 4 . In the ungrazed control plots, a similar reduction in dry matter yield was observed. The seasonal rainfall pattern and declining light regime were the major factors contributing to this rapid decline. Under immature rubber, photosynthetically active radiation light transmission dropped from 86% of ambient PAR at the beginning of the trial to 59% of ambient PAR 12 months later. Under mature rubber, the drop in light transmission was from 22% of ambient PAR to 18% at the end of the trial period.
Changes in botanical composition
The increasing dominance of grasses and broadleafed weeds over legume cover crops under maturing rubber has been well documented. However, with grazing sheep present, it was observed that the persistence and dominance of species was mainly dependent on their palatability. Animal selectivity strongly influenced the dominance of species.
Under immature rubber (Table 1) , there was a decrease in the proportion of palatable species, namely, Pueraria phaseoloides, Paspalum conjugatum, Mikania micrantha, and to a lesser extent Asystasia intrusa, due to animal selectivity. In contrast, there was an increase in the proportion of C. caeruleum (a less palatable species) in all stocking rate treatments. Continuous grazing led to dominance of C. caeruleum (93-99%) in all stocking rate treatments except SR-4. The role of sheep grazing in legume purification is a great asset in the undergrowth management of rubber as substantial cost savings can be realised due to reduced weeding, while at the same time there is a benefit of nitrogen fixation by the legume covers to boost the growth of rubber. Cost savings in weed control of as much as 38% under mature rubber have been reported by Tajuddin et al. (1990) .
Under mature rubber, the proportion of C. caeruleum was reduced in the control as well as in all grazing treatments (Table 2 ). This result showed that, regardless of the effects of sheep grazing, the succession and replacement of legumes by grasses and broadleafed weeds under maturing rubber was inevitable. The succession from legume covers to grasses and broadleafed weeds as rubber approached 3-5 years was also reported by Chee and Faiz (these proceedings).
There was an increase at the higher stocking rates in Cyrtoccum oxyphyllum at the higher stocking rates, which is known to be less palatable to sheep. In contrast, the proportions of preferred species such as P. conjugatum and M. micrantha decreased at the higher stocking rates. This result indicated the importance of maintaining low stocking rates to avoid undesirable changes in species composition. Asystasia intrusa was initially present only in the SR-2 treatment, where it increased with time but later also invaded the control plots.
Animal productivity
As stocking rate increased from four to 14 sheep/ha under immature rubber, the average liveweight gain (LWG) for the first two drafts decreased from 106 to 84 g/head respectively ( Table 3) . The calculated optimum stocking rate using the Jones and Sandland (1974) model (the point at which maximum LWG/ha occurred, based on the first draft lamb performance) was 36 sheep/ha, but decreased to 17 sheep/ha for the second draft (Fig. 3) . This response difference between the two drafts suggested that these optimums were unstable and would decrease further as availability of forage lessened under decreasing light transmission. Ultimately the optimum stocking rate was reduced to as low as 2 sheep/ha, as was found in seven-year-old rubber. Based on the average performances of the two drafts of lambs, animal production in immature rubber ranged from 155 to 429 kg/ha/year at the stocking rates of four and 14 sheep/ha respectively (Table 3) . immature rubber. However, based on these stocking rates, the animal productivity under rubber may vary from around 387 kg/ha/year in immature rubber to 72 kg/ha/year for mature rubber. In the case of mature rubber, the optimum stocking rate was 2-3 sheep/ha for sustained sheep grazing (Table 4) . At higher stocking rates, only intermittent grazing and low animal gains were possible. Actual stocking rates (based on grazing days achieved in the various treatments) did not exceed 3.2 sheep/ha (Table 4) . Based on SR-2, a maximum animal production of 72 kg/ha/year was achieved.
As the true optimum stocking rate is associated with the optimum utilisation of forage and most economic rate of animal gain/head rather than maximum animal gain per ha, the appropriate stocking rate would be somewhat less than 17 sheep/ha for the three-year
Conclusions
The results of the concurrent grazing trials carried out under both immature and mature rubber clearly demonstrated the upper and lower limits of sheep production based on the level of forage availability and sustainability. While high stocking rates and good levels of animal productivity could be exploited under immature rubber, very low animal productivity was sustainable under mature rubber.
The early high levels of forage production under immature rubber of about 2200 kg/ha supported a high stocking rate of around 17 sheep/ha with a rather high animal productivity of just under 400 kg/ha/year. However, it was clear that the sustainable stocking rate steadily reduced as forage productivity declined under maturing rubber.
In mature rubber. the forage availability was less than 600 kg/ha and this supported a stocking rate of only 2-3 sheep/ha. At 2 sheep/ha. a very low animal productivity of about 72 kg/ha/year was achieved. The problem of managing sheep under rubber is therefore associated with the need to progressively reduce stocking rate as the rubber matures.
Nevertheless. the objective of sheep integration under rubber is not just to produce meat, but also to control weeds. Significant cost savings will result from the reduction in weeds by grazing sheep. These weeds are normally controlled chemically. However, excessively high stocking rates will lead to the dominance of unpalatable species such as Calopogonium caeruleum to the detriment of animal production, especially in immature rubber. It is suggested that this species should not be sown in plantations designated for grazing by sheep. New species are required which are shade-tolerant and persistent. yet palatable in the declining light environment of rubber plantations. financial and institutional support. Our sincere appreciation is extended to Drs Graeme Blair, Max 
